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Introduction
Ultrasound (US) is routinely used worldwide to determine the
surgical indications for ovarian cysts.1 US findings of a com-
plex pattern and cyst size larger than 5 cm in diameter are
considered to be the most reliable indications for surgery, as
the complex patterns are the result of haemorrhage in complex
cysts. Since October 1993, we have used not only US but also
magnetic resonance imaging (MRI) consecutively to deter-
mine the surgical indications for ovarian cysts. So far, we have
regarded haemorrhage to be the most reliable indication for
surgery, and conjectured that MRI may be superior to US for
detecting haemorrhage in an ovarian cyst. US examination
may be performed first, followed by MRI in selected cases.1 To
the best of our knowledge, MRI has not been fully studied in
previous reports on neonatal ovarian cysts.1–6 The primary
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OBJECTIVE: Ultrasound (US) has been used as a tool to determine the indication for surgery for neonatal ovarian
cysts. The purpose of this study was to investigate whether magnetic resonance imaging (MRI) contributes to
optimal management.
METHODS: Between 1993 and 2001, US and MRI studies were simultaneously performed on 13 consecutive
infants younger than 2 months of age with ovarian cysts. The US patterns were classified as complex or simple.
Signal intensity (SI) of the cysts on MRI was compared with that of the liver on T1-weighted images (T1WI) and
with urine on T2-weighted images (T2WI). We assumed that high SI on T1WI and iso or low SI on T2WI indicated
complications.
RESULTS: There were 10 complex and three simple cysts on US. Of the 10 complex cysts, two had no
complications at surgery or resolved spontaneously. These two cysts showed low SI on T1WI. Eight complex cysts
showed high SI on T1WI and all were haemorrhagic. The US diagnosis corresponded to the MRI findings in three
simple cysts. The sensitivity of US for haemorrhage was 80%, and that of MRI was 100%.
CONCLUSIONS: We found that MRI was a more reliable diagnostic modality than US for diagnosing neonatal
ovarian cysts.  [Asian J Surg 2004;27(1):43–8]
purpose of this study was to examine whether MRI was supe-
rior to US in detecting haemorrhage, and to investigate whether
MRI contributed to the management of neonatal patients
with ovarian cysts.
Patients and methods
Thirteen patients with ovarian cysts were treated at the Gunma
Children’s Medical Center, Japan, between October 1993 and
July 2001. Eight patients were neonates and five were infants,
aged 1 to 2 months on admission. The medical records of these
patients were reviewed, including US/MRI findings, com-
plications, management, operative findings and outcomes.
The initial US plus MRI were performed immediately after
admission; patient ages (weeks) at admission are shown in
Table 1. There was no interval or there was only a short interval
© 2004 Elsevier. All rights reserved.
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of a few days between performance of the initial US and initial
MRI, except in one patient for whom the interval was 6 days.
Three additional patients who underwent US examination
alone between January 1988 and September 1993 were ex-
cluded from the outcome analysis, but were included in the
analysis of the relationship between cyst size and torsion,
making a total number of 16 patients.
US scans were performed in all patients with a 5 MHz or
7.5 MHz convex-type transducer (Logiq 500, GE Medical
Systems, Milwaukee, WI, USA) by a single radiologist (SH)
immediately after admission. Thus, all patients underwent US
at 2 months of age or younger. The US patterns were classified
following Nussbaum’s criteria,6 which classify all findings
into either a complex or simple pattern. The former includes
findings for cysts that are “cystic with a fluid-debris level, cystic
with a retracting clot, septate with or without internal echoes,
or solid”,6 and the latter indicates an anechoic appearance
(Table 1). In the present study, the term “mixed pattern” was
used instead of “solid pattern” because “solid” does not appro-
priately describe the US findings of cysts. The complex pattern
suggests the occurrence of haemorrhage in a cyst.
MRI was performed using a Signa 1.5 T device (GE Me-
dical Systems) at approximately the same time as the initial
US examination. All patients had axial and coronal T1-
weighted, spin-echo images (T1WI) using a repetition time
(TR) of 500 msec and an echo-time (TE) of 16 msec. T2-
weighted images (T2WI) were obtained using a TR range
of 4,000 msec and an effective TE range (echo train
length; 8) of 128 msec. We defined signal intensity (SI)
on T1WI that was equal to or greater than that of the
liver as “high” SI, and SI on T2WI that was equal to or
less than that of urine as “iso” or “low” SI. Haemorrhage
in a cyst was diagnosed based on the following MRI
findings: high SI on T1WI,7,8 and iso or low SI on T2WI.
Conscious sedation was achieved with triclofos sodium
80 mg/kg in all 13 patients.
The findings of both US and MRI examinations were
compared with clinical outcomes and operative findings, and
the reliability of these imaging modalities in detecting haem-
orrhage in a cyst and determining the indications for surgery
was examined. In addition, the size (maximum diameter and
volume) of cysts was evaluated with regard to the occurrence of
ovarian torsion. The volume (V) of the cyst was estimated
using the following formula9: V = 4/3πab2, where a = major
radius and b = minor radius. Statistical analysis was performed
using the χ2 test with Yates’ correction (χ2y).
Table 1. Ultrasound (US) and magnetic resonance imaging (MRI) findings and clinical outcomes
Patient Antenatal Age at US pattern MRI MRI Surgery Outcome
diagnosis admission T1WI T2WI
(gestational (wk) SI* SI†
age, wk)
Complex pattern on US
  1 Yes (33) 1 Septa and internal echoes Low Iso No Shrank
  2 Yes (29) 0 FD Low Iso Yes Not complicated
  3 Yes (32) 0 FD and clot High Iso‡ Yes Torsion and haemorrhage
  4 Yes (32) 1 FD and internal echoes High Iso‡ Yes Haemorrhage
  5 Yes (33) 4 FD and septa High Iso‡ Yes Torsion and haemorrhage
  6 Yes (32) 0 Mixed High Iso‡ Yes Torsion and haemorrhage
  7 Yes (30) 5 FD High Iso‡ Yes Torsion and haemorrhage
  8 Yes (30) 8 FD High Iso‡ Yes Torsion and haemorrhage
  9 Yes (32) 4 FD High Iso‡ Yes Torsion and haemorrhage
10 Yes (40) 3 FD High Iso‡ Yes Torsion and haemorrhage
Simple pattern on US
11 Yes (32) 0 Anechoic Low Iso No Shrank
12 No 5 Anechoic Low Iso Yes Not complicated
13 Yes (32) 2 Anechoic Low Iso No Shrank
*Relative signal intensity to the liver; †relative signal intensity to urine in the urinary bladder; ‡iso = iso-intensity with fluid debris level
or spotty low signal. SI = signal intensity; FD = fluid debris level.
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Figure 1. Complex US pattern and negative MRI findings of haemorrhage were observed in patient 1. A) Septa and internal echoes were
seen in the cyst on US. B) T1WI on MRI showed that the fluid signal of the cyst was slightly higher than that of the urine in the urinary bladder,
but not as high as that of the liver.
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Results
All 13 babies were in good condition without additional
anomalies. Two patients had clinical symptoms: bilious vom-
iting in one and failure to thrive in the other. US and MRI
findings, treatment, and outcomes of the 13 patients with
ovarian cysts are shown in Table 1.
Ten cysts were complex. Of eight cysts with a fluid debris
level, seven were haemorrhagic at laparotomy (patients 3–5, 7–
10). Another complex cyst (patient 2), which showed low SI on
T1WI, proved to have no complications at surgery. One com-
plex cyst (patient 1) (Figure 1A) was managed conservatively
because of negative findings on MRI (Figure 1B) and resolved
spontaneously. Ovarian tissue was salvaged in only one of the
eight haemorrhagic cysts (patient 4), and was lost in the
remaining seven haemorrhagic cysts. Cysts with haemorrhage
were also highly associated with torsion of the fallopian tube,
occurring in seven (87.5%) of eight cysts with haemorrhage.
Five of the seven involved fallopian tubes were lost because of
necrosis or interruption. In addition, three of seven cysts with
torsion were adhering to the surrounding tissue or organs
(appendix vermiformis in one, transverse and sigmoid colon
in one each). On the other hand, two simple cysts on US (Table
1) resolved spontaneously at 2 weeks and 2 months of age (in
patients 11 and 13, respectively). The remaining huge simple
cyst, 8.2 cm in diameter and 159.3 cm3 in volume, was removed
because of clinical manifestations and possible risk of torsion
(patient 12).
The initial diagnosis on US changed after performing MRI
on two cysts (15.4%). High SI on T1WI of MRI predicted
haemorrhage in eight complex cysts (patients 3–10), all of
which were confirmed to be haemorrhagic at laparotomy
(Table 1). Although T2WI revealed iso-SI in all 13 patients, a
spotty-low SI or iso-low SI level was noted at the dependent
portion of all haemorrhagic cysts. In all three simple cysts, the
US diagnosis coincided with that of the MRI diagnosis. Three
cysts (one complex and two simple), which had no positive
findings on MRI and did not undergo surgery, resolved rapidly
within a few months (patients 1, 11, 13), suggesting that they
could have been uncomplicated cysts.
The sensitivity of MRI for the diagnosis of haemorrhage
(100%) was superior to that of US (80%); the specificities of
MRI and US were both 100%; and the accuracies of MRI and
US were 100% and 76.9%, respectively (Table 2).
The correlation between cyst size and outcome is shown in
Figure 2. Three patients who had earlier undergone US exami-
nation alone were added to this analysis, making a total number
of 16 patients. Of 10 cysts more than 5.0 cm in diameter or
40 cm3 in volume, seven were associated with torsion and hae-
morrhage. On the other hand, two complications (torsion
with haemorrhage) occurred in six cysts that were smaller than
5.0 cm in diameter or 40 cm3 in volume. Nevertheless, there
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was no statistical difference in the occurrence of torsion be-
tween cysts larger and those smaller than these dimensions
(χ2y test, p > 0.05).
Discussion
Surgery for ovarian cysts should be limited to complicated
cysts or those at risk for complications.1,3,6,8,10 In the literature,
US pattern and increased size are reported to be the most
reliable indicators of complicated cysts and of the need for
surgery.1–3,5,6,11 It has been reported that a complex pattern on
US, consisting of septa with/without internal echoes, solid,
cystic with a retracting clot, and cystic with a fluid-debris level,
suggests the presence of haemorrhage in a cyst.6 However, US
images only show differences in sonographic effects. Those
differences in sonography can be produced by precipitates of
protein and fibrin, and do not always indicate haemorrhaging
in a cyst.
It has been reported that MRI is useful in diagnosing
haemorrhage not only in ovarian cysts,7 but also in liver
cysts12 and in the cranium.13 The role of MRI has not been
fully investigated in previous reports on neonatal ovarian
cysts.1–3,5,6,8,10–11,14 It has been shown that the SI pattern on
T1WI and T2WI makes it possible to determine whether the
clinical stage of haemorrhage is acute, subacute, or chronic.13
In the super-acute phase within 6 hours after the onset of
haemorrhage, blood has the iso-intensity of water (low SI on
T1WI and high SI on T2WI); in the acute phase (1 to 7 days
after the onset of haemorrhage), the SI of blood is low on both
T1WI and T2WI. Special attention must be paid in inter-
preting acute phase haemorrhage because SI on T1WI is low
and similar to that of non-haemorrhagic fluid. Accordingly,
SI on T2WI is important in the differentiation between hae-
morrhagic and non-haemorrhagic fluid in the acute phase.
Due to the T2 shortening effect, acute phase haemorrhage
shows low SI on T2WI. However, coexisting non-haemorrhagic
fluid offsets the T2 shortening effect, resulting in only a
subtle change in SI, in which haemorrhage could be easily
missed. After nearly 1 week, that is, in the subacute phase,
both the T1WI and T2WI of blood show high SI. All of our
patients were referred to us more than 1 week after the
complex pattern was noted on US, suggesting chronic-phase
haemorrhage. SI was high on T1WI and iso (our definition)
on T2WI. A spotty-low SI or iso-low SI level on T2WI was also
noted at the dependent portion of all haemorrhagic cysts,
probably representing a clot or precipitated blood in the
Figure 2. Correlation between cyst size at initial US and clinical
outcome. Data from three earlier patients who underwent US
examination alone were included in the analysis to make a total
number of 16 patients. ● = operated on, with torsion; ● = operated
on, non-complicated; ■ = resolved spontaneously.
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Table 2. Relationship between haemorrhage and ultrasound (US) and magnetic resonance imaging (MRI) findings
SI on MRI (T1WI)
High Low Total
Haemorrhage at surgery Positive 8 0 8
Negative or cyst shrank 0 5 5
Total 8 5 13
Pattern on US
Complex Simple Total
Haemorrhage at surgery Positive 8 0 8
Negative or cyst shrank 2 3 5
Total 10 3 13
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cysts. There was no false-positive or negative diagnosis of
simple cysts on US compared with MRI among our patients,
so MRI examination could be limited to infants with a pattern
of complex cyst on US.
In two cysts with septa and internal echoes alone, even
though a fluid-debris level was seen on US (patients 1 and 2),
MRI results showed no evidence of haemorrhage. MRI enabled
accurate differentiation between haemorrhagic and non-
haemorrhagic cysts in all 13 patients in our study, and was
found to be the most reliable indicator of the need for surgical
intervention.
As in previous reports,2,9,11,15 a diameter of 5 cm and
volume of 40 cm3 were regarded as the cut-off points for
possible occurrence of complications. Large cysts carry a greater
risk of torsion with subsequent loss of the ovary,8,11 but smaller
cysts are not always free of torsion, as shown in Figure 2.
The torsion of the cyst may lead to the loss of a fallopian
tube. In seven of the eight haemorrhagic cysts (87.5%), the
fallopian tubes were involved, with subsequent tube loss in five
patients. Another important point is that a small amount of
ovarian parenchyma was preserved in one cyst, with histologi-
cal confirmation of primordial ovarian follicles (patient 4).
These results suggest that early intervention may permit
preservation of the ovarian tissue and fallopian tube. In
addition, cysts with torsion sometimes adhere to the bowel
loops (to the appendix vermiformis in one and to the colon in
two of our patients), which may lead to other complications
such as intestinal obstruction and/or rupture with peritonitis.
For these reasons, we believe that surgical intervention should
be performed as early as possible if torsion is suspected.
In summary, eight of the 13 ovaries were found to be
haemorrhagic at laparotomy, with seven ovaries and five
fallopian tubes completely lost. The reason why the salvage
rate of ovarian tissue or tubes was low, despite the clinical use
of MRI, was perhaps due to the fact that all 10 patients with the
complex pattern on US were referred to our institution ap-
proximately 1 week after the complex or simple pattern was
noted on US. Age at admission of these 10 patients ranged
from 0 to 8 weeks (mean, 2 weeks and 4 days), so torsion might
have occurred prenatally in some and postnatally in others.
The authors encountered torsion when following up a cyst
without torsion in only one patient in this series (patient 10).
Five were followed up with observation. The cysts disappeared
spontaneously in three, and were removed prophylactically in
two after some time of observation.
Aspiration of ovarian cysts after performing a US exam-
ination could be an alternative diagnostic and therapeutic
option.15 Sakala et al reported that in utero aspiration has
limited value in prenatal management,16 but other authors
recommend transabdominal needle aspiration of simple cysts
in the newborn period.17,18 Luzzatto et al treated neonatal
ovarian cysts more conservatively than we did.3 They excised
one of 18 simple cysts and four of nine complex cysts diag-
nosed with US and aspirated two simple cysts at birth because
of their larger size. Nineteen patients who did not undergo a
laparotomy had US examinations from 3 months to 9 years
after birth. The number of complex cysts under conservative
observation increased to 10. Echography showed bilateral
ovaries in all nine girls who had simple cysts at birth and in two
of the 10 with complex cysts. In the remaining eight complex
cases, only one ovary each was detected at follow-up. Therefore,
they concluded that aspiration could be limited to the treat-
ment of neonatal ovarian cysts with simple US patterns.
However, they could not show whether there was a possibility
of other complications after conservative management of
ovarian cysts with torsion because of the limited number of
patients.3 On the other hand, there are a couple of reports on
complications such as intestinal perforation and ascites dur-
ing conservative management of neonatal ovarian cysts.19,20
We conclude that MRI provides increased confidence in
the diagnosis and management of ovarian cysts compared
with US. Therefore, we recommend that physicians perform
MRI in all cases of ovarian cysts with the complex pattern and
that early surgical intervention such as laparoscopic or open
surgery be performed when indicated. MRI has not been fully
investigated in previous reports,1–3,5,6,8,10–11,14 and this appears
to be the first report to emphasize the role of MRI in making
a management decision for neonatal ovarian cysts.
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